In this study, waste cauliflower leaves were used for adsorbent preparation. The waste cauliflower leaves were converted into activated carbon by pyrolysis at two different temperatures 250˚C and 500˚C with magnetic property. The prepared adsorbents were denoted as CAC-250 and CAC-500 and characterized by the use of scanning electron microscope (SEM), energy dispersive spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR) and Xray diffraction (XRD). The adsorbents were applied for the removal of phenol and PNP from their aqueous solutions. The adsorption of phenol was found very less by the application CAC-250, whereas by the application of CAC-500 the adsorption of both phenol and PNP was enhanced. The maximum adsorption of phenol was found 99% and that of PNP was found ~100% using CAC-500, with initial adsorbate concentration 5 mg/L at 25˚C. The adsorption data was analysed with Langmuir, Freundlich and Temkin isotherm models and different kinetic models that are pseudo first order, pseudo second order, Elovich, intraparticle and pore diffusion model.
Introduction
Increasing urbanization, population, and industrial growth have led to increased degradation of the environment through the discharge of various pollutants to the environment. The contamination of water with organic pollutants such as phenols increases the scarcity of drinking water [1] . A continuous release of phenols from petrochemical industries, coal conversion, and other phenol-releasing industries result in surface water and groundwater contamination [2] . Phenolic compounds are considered toxic hazards to the environment due to their low biodegradation rate and they get bioaccumulated in nature that has deleterious effects, and impacts on the environment [3] . Phenol imparts bad taste and odor to the water [4] . It also creates an oxygen demand in water bodies. Phenol is a non-polar organic molecule that less soluble in water, whereas PNP is a water-soluble solid [5] . Both are slightly acidic in an aqueous solution. According to the US Environmental Protection Agency (USEPA), PNP is among the most toxic, non-biodegradable, and bioaccumulative chemical compounds [6] and phenol is also categorized by USEPA as an organic pollutant with priority toxicity due to its higher toxicity, mutagenic and carcinogenic properties [7] . Code of Federal has regulated the maximum discharge of PNP 576 µg/L per day to control its discharge in water bodies [5] Phenol and PNP pose serious harm to the organisms at very low concentrations. The low solubility of phenol in water means that phenol and its derivatives have a half-life in the range of 2 and 72 [8] . They have high stability and carcinogenic nature and are reported to cause considerable damage and risk to human health. Considering these hazardous impacts of phenols, US Environmental Protection Agency gives the permissible limit in wastewater as less than 1mg/L [1] p-nitrophenol (PNP) is a common intermediate chemical compound in the pharmaceutical and pesticide industry [9] . PNP is also produced in many chemical processes like petrochemical, plastic, paint, pulp, paper mill processes, and oil refineries [10] . The molecular structure of phenol includes a benzene ring containing a hydroxyl group; it is a planar molecule.
It is a representative of the hazardous aromatic compound range with low solubility in water [11] . Hence removal of these organic pollutants from the effluent is necessary before discharging it into a water body.
During chlorination of water containing phenols, chlorinated phenols are formed which have organoleptic properties.
Various methods have been used for the removal of phenol and its derivatives from water, including adsorption [12] [13] , membrane filtration [14] [15] , bio-electrochemical treatment [16] , electrochemical oxidation [17] , ion exchange [18] , solvent extraction [19] and fenton degradation [20] . Along with these methods, some detrimental techniques like incineration, ozonation are also applied for the treatment of phenolic contamination [21] . Along with biodegradation, adsorption is one of the primary water treatment processes employed for the purification of water because of the ease of operation, suitability, design simplicity, high removal efficiency, and wide area of application [22] . Water purification by means of adsorption is an attractive approach as it is a flexible technique that can be applied to a range of contaminants and at varying operating conditions without impacting on removal efficiency. A variety of adsorbents are used for the removal of phenol from water, and activated carbon (AC) is the most widely used adsorbent [21] . The cost of the adsorption process is mainly related to selection of the adsorbent.
Although AC is highly efficient in removing organic and inorganic contaminants, the application of AC is limited due to its prohibitive cost and the time involved in preparation and regeneration of the adsorbent.
Preparation of an adsorbent with high removal efficiency and with low development and operational cost is necessary. Recent research has focused on the preparation of low-cost adsorbents to reduce the operating costs of adsorption. Recently several studies have been published on low cost adsorbents with high adsorption potential, such as treated waste newspaper [24] , canola residue [25] , natural zeolite [23] , olive mill waste [26] , and corn cob residue synthesized hydrochar [27] . Many researchers have proposed utilization of agricultural waste as a raw material for adsorption, as agricultural waste is reported to have high adsorption potential with low cost and high availability [28] .
The aim of the present study is to synthesize a low-cost adsorbent using an agriculture waste, namely, waste cauliflower leaves, and investigate its application in the removal of phenol and PNP from aqueous solutions. In developing countries like India, waste cauliflower leaves are a common vegetable waste produced in a large quantity, which has high moisture content. Improper disposal of this waste creates a public nuisance. Hence, utilization of this food waste in adsorbent preparation will assist in the management of this solid waste. In the present study, AC was synthesized from waste cauliflower leaves at two different temperatures, 250˚C and 500˚C, and these adsorbents were applied for the removal of phenol and PNP from water.
Materials and Methods

Chemicals and Reagents
The raw material (waste cauliflower leaves) used for the preparation of adsorbents was collected from a local market. Ferric chloride, amino anti-pyrene, phenol and p-nitrophenol, and other chemicals were purchased from Sigma-Aldrich and Thermo Fisher Scientific. All the chemicals used in this study were of analytical grade and used directly without any further purification.
Adsorbent Preparation
The collected waste cauliflower leaves were cleaned and rinsed with distilled water several times, dried in a hot air oven for 24 h at 105˚C and then ground into fine powder and sieved with 250 microns mesh. The proximate analysis of the leaf powder was carried out. The magnetization of the adsorbent was done following the method of Lunge et al. [29] . A total of 30 grams of leaf powder was mixed with 150 mL of 10% FeCl 3 solution in a 250 mL beaker. The material was then stirred for 4h on a magnetic stirrer with a hot plate, following which the content was kept overnight to allow for thorough mixing of FeCl 3 with the leaf powder.
The resultant material was then pyrolyzed in a muffle furnace to prepare magnetic AC. Preparation of the adsorbent was done at two different operating temperatures, 250˚C, and 500˚C. The adsorbent synthesized at 250˚C was termed cauliflower synthesized AC 250 (CAC-250) and the other synthesized at 500˚C was termed cauliflower synthesized AC 500 (CAC-500).
Characterization of the CAC-250 and CAC-500
The surface morphology of the adsorbents was examined using a scanning electron microscope (JSM 4490, JEOL, Japan) equipped with energy dispersive x-ray spectroscopy. The adsorbents were analyzed to identify surface functional groups using Fourier-transform infrared spectroscopy (FTIR) (NICOLET 6700, Thermo Fisher Scientific U.S.A.) analysis before and after adsorption of phenol and PNP. The powder x-ray diffractometer (PW 3040/60 PanAlytical. Netherlands) was used for the X-ray diffraction (XRD) analysis of the CAC-250 and CAC-500 adsorbents. The samples were scanned in the range of 10 to 80˚at a rate of 2˚/minute. The surface charge (pH ZPC ) of the adsorbent s CAC-250 and CAC-500 was determined.
Batch Adsorption Studies of Phenol and PNP
The batch adsorption studies of phenol and PNP were performed using both CAC-250 and CAC-500 and their performance was compared. All the experiments were performed in a 250 mL Erlenmeyer flask. A 50 mL adsorbate solution with the initial concentration of phenol 5 mg/L and PNP 10 mg/L was added to the flask and then a defined dose of adsorbents was added to it. The mixture was then shaken in an orbital incubator shaker with a constant shaking speed 80 RPM over various time intervals. After adsorption, the mixture was centrifuged and the supernatant was analyzed using UV-Visible spectrophotometer for the determination of the final concentration of the phenol and PNP. The PNP has analyzed at the wavelength 317 nm directly after centrifugation, while for phenol detection a color development method (4-Aminoantipryrene method) was followed and it was analyzed at 510 nm. In order to investigate the optimization of the phenol and PNP adsorption various parameters were changed. The adsorbent doses ranged from 0.5 to 3 g/L, initial adsorbate concentration varied from 5 mg/L to 40 mg/L, pH effect was varied in the range of 2 to 12 and temperatures were 25˚C, 35˚C, 45˚C and 55˚C.
The percentage adsorption and adsorption amount (qt, mg/g) were determined using the equations (1) and (2), respectively:
Where, C 0 and C t are the concentration of phenol and PNP initially and at a time (t), respectively; V and m are the volume of solution in liters and mass of the adsorbent, respectively.
Results and Discussion
Proximate analysis of Waste Cauliflower Leaves
Proximate analysis of waste cauliflower leaves was conducted to determine the moisture, ash, volatile organic matter, and fixed carbon content of the raw material. The moisture content of the waste was 70.3%, ash content was 4.6%, volatile content was 3.3%, and total carbon content was 21.8%.
Characterization of Synthesized Adsorbent
SEM and EDS analysis
The surface of the synthesized magnetic AC from waste cauliflower leaves was done using scanning electron microscope (SEM). The SEM images of CAC-250 and CAC-500 are presented in Fig. 1a and 1b the images show that the particles of the synthesized adsorbents have a rough surface and an irregular shape.
The particles of CAC-500 show greater clustering in comparison with CAC-250, that is may be due to the comparatively higher magnetic property of CAC-500 due to it higher iron content.
The elemental composition of the adsorbents is shown in Fig. 1a and 1b. Both the adsorbents have different elemental composition. In CAC-250, the maximum weight percentage of the carbon is 52.54% and iron is only 13.41%, whereas, in CAC-500, the maximum weight percentage of iron is 47.17% and carbon content is 27.27%. This indicates that a greater amount of iron is fixed at a higher temperature which increases the magnetism.
Functional group analysis
The Fig. 1c shows FTIR spectrum of CAC-250 before and after the adsorption of phenol and PNP. The Figure indicates similar peaks in the graphs. The peak 2915 cm -1 and 2853 cm -1 correspond to the stretching in -CH bond, the peaks 1663 cm -1 , 1553 cm -1 , and 1447 cm -1 correspond to the stretching of -CO, -NH and CH 3 groups, the peak 1026 cm -1 represents -CO group, and the peaks at 790 cm -1 and 697 cm -1 correspond to the -CH stretching. Fig. 1d shows the FTIR spectrum of CAC-500 before and after adsorption of phenol and PNP. Some of the peaks are similar indicating the possible presence of the same functional groups, like peak 532 cm -1 and 454 cm -1 that correspond to the presence of iron. These peaks were absent in the spectrum of CAC-250 possibly due to less binding of iron with CAC-250. The peak 3410 cm -1 present in the spectrum after adsorption of phenol relates to the -OH stretch in the phenol [30] . The peaks 1706 cm -1 and 1170 cm -1 may correspond to the -C=O and -C-O bond, respectively.
XRD analysis
The results of the XRD analysis of both the adsorbents are shown in Fig. 1e . The result illustrates the CAC-250 spectrum and shows two sharp peaks of carbon with many chaos peaks. The spectrum of CAC-500
shows some sharp peaks along with the carbon peaks, indicating the presence of Fe 2 O 3 and Fe 3 O 4 [31] which confirms coating of CAC-500 with FeCl 3 . The sharp peaks indicate the crystalline nature of the adsorbents. 
pH ZPC
The pH ZPC of the synthesized adsorbents was determined by following the procedure described by Singh et al. [32] . Taken a 50 mL 0.01 M solution of NaCl in different beakers and pH of the solution was adjusted in the range of pH 2 to 10 with the addition of 0.1M HCl and 0.1M NaOH solutions. Then 0.2 g adsorbent was added to the solution and kept for shaking for 48 hr and then the final pH was measured. A plot between initial pH and final pH is shown in the Fig S1. The pH ZPC of the CAC-250 was 3.8 while that of CAC-500 was 4.8. The results indicate that the net surface of the adsorbents was positive below the pH ZPC value and negative above the pH ZPC value.
Batch Adsorption of Phenol and PNP
Effect of adsorbent concentration
The efficiency of the adsorption process depends on the number of available active adsorption sites.
Increasing the adsorbent dose results in an increase in the number of active adsorption sites and increases adsorption of phenol and PNP [33] . In this work, adsorption of phenol and PNP was performed with different dosages of CAC-250 and CAC-500 in the range of 0.5 g/L to 3.0 g/L at different time interval upto 300 min, with an initial concentration of phenol of 5 mg/L and PNP of 10 mg/L at 25˚C temperature.
As shown in Fig. 2a , the maximum adsorption of phenol was found to be 28% and then the adsorption decreased with increasing dose of CAC-250, an increase in adsorbent concentration may cause adsorbent particles to get agglomerated that enhances the particle size and reduce their surface area which causes a decline in adsorption [34] . Wherever, an opposite trend was observed with CAC-500 the maximum adsorption of phenol was obtained at 3g/L (about 99.76%) as the Fig. 2b shows. Adsorption of PNP was increased with an increase in the dose of both CAC-250 and CAC-500 (Fig 2c and 2d) . Maximum adsorption of PNP (95.64%) was found at 1g/L dose of CAC-500. On increasing the dose up to 3g/L, the adsorption of PNP was a decreased significantly from 95.64% to 82.72%. The adsorption of both the adsorbates using CAC-250 ad CAC-500 increased with increase contact time 34.80% by CAC-500) and PNP (100% by CAC-500; 83.74% by CAC-50) was found when initial concentrations were 5 mg/L; however, minimum adsorption was found at initial concentration of 40 mg/L. Adsorption q t value increased with an increase in the initial concentration of phenol and PNP, from 1.65 to 8.68 mg/g and from 4.97 to 33.36 mg/g for phenol and PNP, respectively, using CAC-500. At low concentrations of phenol and PNP, there were fewer adsorbate molecules. On increasing the concentration of phenol and PNP, the number of adsorbate molecules increased while the adsorption sites remain the same due to the saturation effect, the increase in initial pollutant concentration lead to a decrease in adsorption rate [35] .
The variation in the adsorption of phenol and PNP at different contact times was studied and the results are shown in Fig. 2a-f and Fig. 3a-f . As the Figure illustrates , the adsorption of phenol and PNP by application of both the adsorbents was increased with increasing contact time up to 240 min for phenol and 180 min for PNP (except for a few cases). Beyond this contact time, the adsorption percentage roughly stabilized, and there was no further significant increase in the adsorption which indicates that the adsorption process reached an equilibrium at 240 and 180 min for phenol and PNP, respectively. 
Effect of pH on the adsorption process
A pH of the solution is a critical adsorption influencing parameter. The solubility of phenol and PNP and charge transfer of the adsorbent is greatly influenced by the concentration of H + ions [36] . To study the effect of pH on the adsorption of phenol and PNP by CAC-250 and CAC-500, the adsorption was performed at different pH from pH 2 to 12 as shown in the Fig. 4a the result showed that the adsorption of phenol was increased in alkaline pH by both CAC-250 and CAC-500 upto pH 10 and then the removal percentage decreased, the effect of pH on phenol adsorption is more visible by using CAC-500, the maximum adsorption percentage (98.40%) was found at pH 10 using CAC-500. The molecules of phenol contains a -OH group of which hydrogen is slightly positively charged and get attracted towards the negatively charged species on increasing the pH of the solution the adsorbent may carry negative charged that attracted the phenol molecules in the solution that may responsible for high adsorption efficiency of phenol in alkaline pH. Besides electrostatic attraction between the charges of the adsorbent surface and adsorbate molecules the pH also affects the degree of adsorbate ionization. Phenol is a weak acid that has pK a ~9.89 on a pH value higher than this the phenol molecules tends to dissociate [37] [38] , this dissociation at pH higher than 10 may result in decrease in the adsorption. The pK a value of PNP is reported to be 7.13 [39] that is lower than that of phenol, however, the adsorption of PNP was not much affected by the pH changed which represents that PNP adsorption was not depend on the electrostatic attraction between ionised PNP species and adsorbent, a similar effect of pH on PNP adsorption was also reported by [40] .That may be due to the fact that PNP at low pH remains in the molecular form and get ionised at higher pH and these ionised species get attracted towards the opposite charges on the adsorbent surface [41] .
Effect of temperature on the adsorption process
Temperature has a significant effect on adsorption. As shown in Fig. 3c -e, the adsorption of phenol and PNP using both adsorbents CAC-250 and CAC-500 was an exothermic process. The adsorption percentage of phenol and PNP was reduced on increasing temperature; the maximum removal of phenol and PNP was 99.76% and 94.89%, respectively, using CAC-500. The adsorption amount of phenol and PNP decreased from 1.65 to 1.54 mg/g and 4.74 to 4.17 mg/g, respectively, with increasing temperature. be determined by the slope and intercept of the C e versus C e /q e plot (Fig. 4b) . The value of Q 0 for CAC-250 was found to be higher for phenol (15.92 mg/g), while the value of Q 0 for CAC-500 was found to be higher for PNP (37.73 mg/g). Values for the Langmuir isotherm parameters are given in Table 1 .
R L (the dimensionless constant) is an essential feature of the Langmuir isotherm. It can be expressed as follows:
Here, b and C 0 are the Langmuir constant and initial adsorbate concentration. The R L value represents the favorability of the adsorption process. If the value of R L >1 it represents unfavorable adsorption, R L =1 represents a linear isotherm, and 0< R L <1 represents a favorable process of adsorption. The R L value for phenol adsorption was found to be 0.44 and 0.05 for CAC-250 and CAC-500, respectively. The values of R L for PNP adsorption were found to be 0.10 and 0.02 for CAC-250, and CAC-500, respectively, i.e., between 0 and one, indicates that the adsorption process for both adsorbents is favorable.
Freundlich isotherm
The Freundlich isotherm equation is given below:
Where, q e and C e are the adsorption quantity (mg/g) and concentration of adsorbate (mg/L) at equilibrium.
The Freundlich constants K F and n are the adsorption capacity (mg/g(L/mg) 1/n ) and adsorption favorability, respectively. Values of both constants can be obtained from the slope and intercept of the plot between lnC e and lnq e (Fig. 4c) , and the values are shown in Table 1 . A value of slope (1/n) between 0-1 indicates the heterogeneous nature of the adsorbent surface.
Temkin isotherm
The Temkin model assumes a decrease in the adsorption heat of all the molecules in the layer, caused by interaction between the adsorbent and adsorbate. The decrease is linear with coverage and a characteristic feature of the adsorption process is the even distribution of binding energies up to maximum binding energy.
The equation for Temkin isotherm is represented below in Eq. (6) [6]:
Where, q e and C e are the amounts of phenol and PNP adsorbed on CAC-250 and CAC-500 (mg/g) and the concentration of phenol and PNP (mg/L), respectively. The Temkin isotherm constant is given by B T , which is the adsorption heat (L/g). The Temkin isotherm equilibrium binding constant is given by A T which is dimensionless. The plots for the Temkin isotherm are shown in Fig. 4d . The values of B T and A T are represented in Table 1 .
On comparing data of the all three isotherms, the adsorption of phenol is explained well with the Freundlich for CAC-250, however for CAC-500 the values of R 2 for Langmuir isotherm and for Freundlich isotherm were comparable, whereas the adsorption of PNP fitted well with Freundlich isotherm. 
Kinetics Study
The kinetics for the adsorption process of phenol and PNP on the CAC-250 and CAC-500 was tested by the application of five primary kinetic models that are pseudo first order, pseudo second order, Elovich, intraparticle diffusion and Bangham's pore diffusion model
The pseudo-first-order kinetics rate expression as given by Hameed and Ahmad [47] :
Here, q e and q t represent the adsorption quantity (mg/g) of phenol and PNP at an adsorption equilibrium state and at a time (t). The value k 1 represents the adsorption rate constant of phenol and PNP. From the plot of log (q e -q t ) versus time (t), the value of k 1 can be calculated (Fig. S2 ).
The expression for the pseudo-second-order is represented below:
Where k 2 is constant (g/(mg min)) for the pseudo-second-order and q e is the adsorption amount of phenol and PNP, and their values can be evaluated from the slope and intercept of the plot of t/qt versus t (Fig. S3 ).
The below equation (9) shows the Elovich kinetic model:
Where, q t express the amount of phenol and PNP adsorbed on the adsorbent at t time (mg/) and α and β represents the constant for Elovich kinetic model. α is related with the chemisorptions and β is related with the surface coverage extent, values of these constants was obtained by the slope and intercept of the plot between q t and lnt (Fig. S4) .
The intraparticle diffusion model is mainly applied to rate-limiting state adsorption systems. Via intraparticle diffusion, the adsorbate from the bulk state is transferred to the liquid phase [32] . The equation for intraparticle diffusion is represented below [48] :
Here, k i (mg/g min 1/2 ) is the rate constant for intraparticle diffusion and the constant C is related with the boundary layer thickness, a higher value of C represents the higher boundary layer effect. The application of intraparticle diffusion model is done in three various forms first the straight line passes through the origin which means amount of adsorption at any time, second is when plot qt versus t 1/2 is multi liner which represents the involvement of two or three process in the adsorption and third one which has a straight line that not passes through the origin necessarily (has positive intercept) which indicates that in a short period of time a rapid adsorption has taken place [49] . Intraparticle diffusion is the sole rate-limiting step if the plot of q t versus t 1/2 gives a linear regression that passes through the origin. However, in this study, the linear plots of the phenol and PNP at each concentration do not pass through the origin (Fig. S5) ; therefore, for the adsorption process of phenol and PNP, intraparticle diffusion is not the only rate limiting step, however, the plot of intraparticle has straight with positive intercept value that shows the rapid adsorption of phenol and PNP in short time period.
The banghman's pore diffusion model was also applied to the adsorption data of phenol and PNP.
The equation for the pore diffusion model is given below [3] log [log (
Here, C 0 denotes the initial phenol and PNP concentration (mg/L), q t denotes the adsorbed amount of phenol and PNP at time t (mg/g) while, V denotes the volume of the solution treated (mL) and m denotes the weight of the adsorbent used. α and k diff are the constants for the pore diffusion model that are evaluated from the slope and intercept of the log[log(Co/C0-qt⨯m)] versus log t plot (Fig. S6) .
The derived values for all the kinetic models are listed in Table S1 and Table S2 . The regression coefficient (R 2 ) of pseudo second order was found maximum that was more than 0.99. It was found that the adsorption of phenol and PNP was best described by the pseudo-second-order kinetics.
Thermodynamics
The value of the thermodynamic parameters, enthalpy (ΔH; kJ/mol), entropy (ΔS; kJ/mol) and Gibbs free energy (ΔG; kJ/mol) was estimated by the equation given below [50] :
Where, R (8.314 J/mol K) is gas constant, q e (mg/g) the adsorbed amount of adsorbate at equilibrium, C e (mg/L) concentration of phenol and PNP at equilibrium, K c (L/g) and T (K) is absolute temperature. The values of ΔH˚ and ΔS˚ can be evaluated by the slope and intercept of lnK c and 1/T plot as shown in Fig. 4e and 4f. The values of thermodynamic parameters are shown in Table 3 .
The negative value of ΔH˚ (from -24.48 to -67.10 J/mol), indicates an exothermic adsorption process and indicates the release of heat during adsorption. The exothermic process mainly represents the physiosorption or chemisorptions process, physio-sorption is characterized by the value ΔH˚ lower than 41.86 kJ/mol while this value reaches upto 100kJ/mol for a chemisorption processes, in the present study the value of enthalpy is less than 41.86 kJ/mol which represents that the adsorption process is physical in nature. The negative ΔS˚ also supports the physio-sorption process of phenol and PNP adsorption. The value of ΔG˚ is positive for all the adsorption processes and increases with an increase in temperature. The Table 2 represents the adsorption capacities of different adsorbents for the adsorption of phenol and PNP. The adsorption capacity of adsorbents prepared in the present study is not maximum but it is better from the other reported adsorbents. However, a comparatively easy synthesis with magnetic property and the utilization of waste biomass for adsorbent preparation make its application less costly and effective for the removal of these organic pollutants.
Proposed Mechanism for Phenol and PNP Adsorption
The adsorption of phenol was significantly affected by heat treatment of AC. The adsorption of phenol was much lower with use of CAC-250 in comparison to CAC-500, similar results were also reported by Ibrahim et al. [51] and Mishra et al.
[52] who developed AC from sweet lime waste and waste corn husk, respectively, at different temperature and found the AC synthesized at higher temperature more effective in comparison with that synthesized at lower temperature. This may be possibly due to the electrostatic interaction between hydroxides of iron and phenolic -OH. The adsorbent prepared at 500°C has a higher content of iron (47%) that may form hydroxides on exposure to air and water that could be responsible for increased adsorption of phenol. Functional groups present on the surface of the adsorbent may also participate in the adsorption process. While the difference between PNP adsorption by CAC-250 a CAC-500 was not as much as for phenol. The adsorption of PNP was very slightly enhanced by increasing pH of the solution. At lower pH, PNP remains in the molecular form; therefore, there was no interaction between PNP and the adsorbent, at alkaline pH, the PNP become ionic and is attracted by the oppositely charged groups on the adsorbent. Along with the electrostatic attraction between adsorbent and adsorbate, the π-π interaction between aromatic rings of phenols and adsorbents surface may also influence the adsorption of phenol and PNP. Adsorption of PNP and phenol was best fitted with the Freundlich isotherm model, except for adsorption of phenol by CAC-500 which indicates that the adsorption process is physical. A proposed mechanism for phenol and PNP adsorption is shown in Fig. 5 .
Fig. 5.
Conclusions
The study compared the adsorption efficiencies of the prepared AC at two different temperatures (250˚C and 500˚C). The study concludes that the adsorbent pyrolyzed at the higher temperature was found to be more efficient. The greater adsorption efficiency may result from more transformation of organic biomass into carbon at higher temperatures, and also more effective coating with iron that was evident in the elemental analysis of the adsorbents. The adsorption percentage of PNP by both the adsorbents was found to be higher, whereas phenol adsorption by CAC-250 was found very low, the maximum adsorption by CAC-250 was observed to be only 34.80% at minimum initial concentration of phenol. The adsorption process was examined by application of Langmuir, Freundlich and Temkin isotherms and adsorption kinetics. The adsorption data of phenol using CAC-250 was supported with Freundlich isotherm with R 2 value 0.99. The adsorption of PNP by both the adsorbents was supported by the Freundlich isotherm with the R 2 value 0.98 and 0.94 for CAC-250 and CAC-500, respectively. The adsorption of both phenol and PNP was best fitted with the pseudo-second-order kinetics.
